Abstract: Economic incentives are widely used to promote green buildings (GB) and consume social resources. However, few studies evaluate the costs and benefits of implementing economic incentives, including hidden costs and benefits. This paper applies cost-benefits analysis (CBA) and transaction cost (TC) theory to systematically evaluate the costs and benefits of implementing the green building economic incentives, with focused study on the Gross Floor Area (GFA) Concession Scheme in Hong Kong. The data of costs and benefits indicate how the GFA Concession Scheme motivates stakeholders and how much it benefits the built environment, which provides a solid foundation for the improvement of the GFA Concession Scheme. Expert interviews were conducted to verify and compliment the new CBA framework and provide empirical evidence for policy-makers and researchers to better understand the allocation of costs and benefits. The results show that the effectiveness of the GFA Concession Scheme is readily justified even if it has caused a lot of extra transaction costs and actual costs. A 10% GFA concession attracts developers to enter the GB market but discourages them to go for a higher level of GB. It is the right time to differentiate the GFA concession to promote a higher level of GB.
Introduction
The affordability of green construction is a significant challenge, and economic incentives that can increase affordability are important drivers of green construction [1, 2] . Economic incentives are implemented mainly in the form of subsidies, tax reduction, rebate system, low-cost loans, gross floor area (GFA) concession (i.e., density bonus), expedited permitting, and cash incentives [3, 4] . Economic incentives have been implemented in many countries and regions and consume social resources. For example, Singapore rewards cash incentives to developers and project consultants of new developments with a gross area of at least 2000 m 2 that achieves a green mark gold rating or higher [5] . The UK and US provide subsidies to developers [6, 7] . These economic incentives have also received criticism. For example, Johnston [8] questioned the impacts of income and land price on the participation rate of a density bonus scheme and impacts of incentive level on project profits in the USA. Fletcher [9] and Retzlaff [10] claimed that the mechanism for determining the optimal level of incentives is lacking. Insufficient incentives barely motivate developers to construct GB, whereas excessive incentives result in much social cost [10, 11] .
Many studies analyzed the cost-benefit analysis (CBA) of GB, but few studies have focused on the costs and benefits of implementing GB economic incentives. The key difference is implementing economic incentives consumes social resources and the cost is eventually borne by taxpayers and government. How to effectively allocate the incentive is a critical issue of implementing GB economic incentives. This suggests a need to thoroughly understand the relevant costs and benefits. In this research, one aspect to be evaluated by CBA is hidden costs and benefits, which has not yet been reflected in traditional CBA. The hidden cost of GB development, such as the cost of dealing with inflexible building code regulators and the cost of integrating sustainable design elements, are relatively small but still exert noticeable impacts on the overall cost [12, 13] . Fan, Chan, and Qian [14] analyzed TCs of participating GB economic incentives borne by the private sector stakeholders and proved that TCs make some developers do as little as they can for sustainability. It is definitely a waste of social resources. Therefore, CBA of implementing the GB economic incentives should include TC.
This study aims to evaluate the costs and benefits of implementing economic incentives of GB, including TC and hidden benefits. The results contribute to exploring the appropriate amount of incentives and how to allocate incentives so that social resources could be effectively used to promote GB. The GFA Concession Scheme implemented in Hong Kong was adopted as a case study. It is a popular incentive implemented in many countries and regions to promote GBs, such as the US, Singapore, and Hong Kong [15] . This incentive is to grant developers extra floor area in exchange for their investment in public facilities, and has been applied to many government programs, such as affordable housing incentive scheme in the US, Australia, and the UK [16] , and renewable energy in New Zealand, Japan, France, and the US [17] . Therefore, this paper is also a good reference for the international community where the GFA Concession Scheme is applied.
The structure of this paper is as follows. Section 2 presents a literature review on the economic incentives of GB, cost-benefit analysis, and transaction costs. Section 3 introduces the GFA Concession Scheme in Hong Kong. Section 4 presents the research methods. Data analysis and results are shown in Section 5. Sections 6 and 7 discuss results, conclude this study and provide implications.
Literature Review

Economic Incentives of GB
Economic incentives and innovative fiscal arrangements are made available to compensate for additional costs and thus overcome economic barriers [18] [19] [20] . They attract private sectors in joining the development of GBs by reducing costs and increasing demands [3] . This type of incentive mainly targets developers and property owners. Professionals, such as engineers, consultants, and designers, in Singapore can enjoy the same incentives as those of contractors in US. Compensating developers or property owners directly can overcome the market barrier that only occupants can enjoy the benefits of GB and improve investment priority. Such schemes can reduce the financial risk, especially when the payback period is longer than the standard [21] .
Categorization of the Economic Incentives
From the literature review, all the economic incentives implemented in the world, including tax reduction, subsidies, rebates, cash incentive, and GFA concession, are collected. These economic incentives are categorized into two types, namely, those with and without restrictions of government fiscal situation (Figure 1 ). • Economic incentive schemes with restrictions related to the government fiscal situation
This type of incentive relies on the financial income of the government for compensating private sectors. As some economic incentives, such as subsidies, grants, and capital allowance, come from government revenue, the degree of benefits of stakeholders depends on government fiscal conditions. Therefore, the incentive supplied by the government may be insufficiently large to overcome high construction costs [23] . This economic incentive scheme needs a consistent level of funding and provision for additional funding sources [4, 24, 25] .
• Economic incentive schemes without restrictions related to the government fiscal situation
This type of incentive is implemented without the restriction of fiscal situation. Stakeholders can obtain extra benefits by saving time or making extra money, such as GFA concession incentives and expedited review and permitting. The GFA concession incentive rewards developers with extra floor area, and expedited review and permitting saves considerable time of developers by simply shifting in permitting priority. This incentive scheme attracts developers and reduces the fiscal pressure from the government. Table 1 illustrates the aforementioned popular economic incentives, the benefits of stakeholders from the incentives, and the effects of the policies. From the data in the table, the possible improvements for the economic incentives can be established. The features of the economic incentives in Table 1 are summarized as follows:
Comparison of Economic Incentives
• Most beneficiaries are developers and owners, and few countries reward professionals, such as architects and engineers; • Most of incentives have positive effects on GB development, but few studies further study how effective they are and whether the costs of implementing incentives justify the positive effects.
• Some incentives are not effective nor efficient, such as tax reduction and loan incentives implemented in Malaysia, and loan incentives and fee reduction implemented in the US. 
Cost-Benefit Analysis
The fact that government resources are limited requires the use of economic analysis tools for rationalizing government policies. CBA is a useful tool for evaluating policies and projects throughout the world [42] . CBA can help policy-makers and businesspeople justify their decisions in a systematic, rigorous, and unambiguous way, and thus ensure effective and efficient policy enforcement [43] . Furthermore, the environmental impacts of policies or projects should be incorporated into the CBA framework to improve the quality of government decision making.
Initial Framework of Costs and Benefits
The framework of costs and benefits in this study expands the ones in previous research from Qian et al. [44] and Fan et al. [14] by adding more data through an extra 10-20 expert interviews. The initial framework of costs and hidden benefits were built using a literature review, same as the ones in Qian et al. [44] , shown in Table 2 . The framework of TC adopts the results of Fan et al. [14] . According to it, the list of TC includes information searching cost, research/learning cost, coordination/negotiation cost, approval cost, monitoring cost, and verification cost. 
Categories Cost and Benefit Items
Actual costs
Construction cost
Costs of certification Additional or increased consultant fee [45] Increased architectural and engineering design time [46] Actual benefits
GFA Concession bonus
Higher market selling price [47] Costs saving from efficient use of materials Cash incentive [30] Hidden benefits
Good company reputation/profile, status, market power, job satisfaction, rewards, personal development [48] Future business competitiveness over the long-term [49] Reduction in construction pollution (Building Environmental Assessment Methods (BEAM) Plus) Reduced demands on infrastructure [50] Savings of health care [51] More job opportunities Improved working efficiency and social productivity Get new professional skills in [52] Better living quality Knowledge and skills about green construction [53] 
Transaction Cost (TC) Theory
Transaction cost is the cost of running economic system [54] . Cheung [55] supported Arrow's view and believed that TC was essentially an institutional cost. The TC of running a mechanism or implementing government policy has been proved and justified in previous research studies, such as Buitelaar [56] ; Garrick, Whitten, and Coggan [57] ; and Huang [58] . Various types of TC are incurred in the process of running a mechanism or implementing government policy. Fan et al. [14] studied the TCs of implementing the GFA Concession Scheme and found that the Sustainable Building Design Guidelines (SBDGs) caused a lot of TCs to participants of the scheme.
GFA Concession Scheme in Hong Kong
Hong Kong has implemented the GFA Concession Scheme since 2011. It grants developers a 10% GFA concession if buildings register for the Building Environmental Assessment Methods (BEAM) Plus or reach any level of BEAM Plus (i.e., Unclassified, Bronze, Silver, Gold, or Platinum), fulfil the Sustainable Building Design Guidelines (SBDGs), and provide the prescribed building features. The prescribed building features are tailored for the specific built environment in Hong Kong to address the urgent city problems [59] . To some extent, it is mandatory to integrate the features in order to apply for the GFA concession [44] . For the Hong Kong government, few construction costs of these building features could improve the built environment. However, for the developers and architects, designing the building features and getting approval from government takes time and involves approval risks, especially at the beginning of implementing the GFA Concession Scheme [60] . With the practice of participating the scheme, industry is becoming more and more familiar with the SBDGs. Figure 2 illustrates the statistics of applications for the GFA concession from 2011 to 2014. It is obvious that there are more and more applications and the approval rate is becoming high. This reflects the market transformation that developers could benefit from the participating the GFA Concession Scheme, and the knowledge and market demand for GBs have increased. SBDGs aim to enhance built environmental quality and sustainability in Hong Kong, especially outdoor air ventilation to reduce the canyon effect that reduces the effectiveness of air ventilation and strengthens the concentration of pollutants at a pedestrian level [62, 63] . SBDGs consist of three aspects, namely building separation, building setback, and site coverage of greenery. Building separation aims to alleviate the heat island effect resulting from the screening effect of long buildings at various levels, and to improve air ventilation and environmental quality at pedestrian level. For site areas larger than two hectares or with continuous building width larger than 60 m, a separation of 20% to 33.3% of total frontage area of buildings is required. Building setback is to alleviate the street canyon effect and improve air ventilation. Buildings in front of a street less than a width of 15 m are required to be setback, providing a space with not less than 7.5 m wide measured from the street centerline. Site coverage of greenery is to improve the quality of the built environment and mitigate the heat island effect, especially at the pedestrian level; here, 20-30% of site coverage of greenery is required for the sites whose areas are larger than 1000 sq.m. Although the SBDGs are designed to benefit the built environment, it also caused a lot of TCs from implementing the GFA Concession Scheme due to its complexity [14] . Therefore, this paper would measure how much the SBDGs benefit the built environment.
Research Methods
Expert Interviews
Participating in the GFA Concession Scheme needs a lot of specific knowledge and experience. Industry experts have a good overview of costs and benefits and conducting interview can yield more insightful views than doing a massive survey. Particularly, expert interviews are commonly used to measure TCs in previous research, such as Weber [64] and McCann and Easter [65] . Therefore, this study conducted expert interviews to validate the identified list of costs and benefits (refer to Table 2 ) and measure them.
Studying actual building specifications could measure the extra costs and benefits in detail. However, every building has its own features and has different green solutions affecting the costs and benefits. It is difficult to calculate the extra costs and benefits of actual cases one by one. Therefore, this study selected a hypothetical case that is a typical model in the SBDGs and highly representative for the GFA Concession Scheme. Even though the data was not as accurate as a particular actual case, it still provided important indications for the market lack of information and provided general perceptions for policy-makers. Interviewees were asked to estimate the extra costs and benefits according to the hypothetical scale of the project and levels of green building. Previous studies measured the extra costs based on the average cost of green buildings [66] . This study would use the same method to deal with the data. These data of costs and benefits showed how the GFA Concession Scheme motivated stakeholders and how much it benefitted the built environment. To measure the benefits of the built environment, the computational fluid dynamics (CFD) models were formulated that are presented in the following section.
Invitation letters were sent out to all the members of Professional Green Building Council (PGBC) in Hong Kong for voluntary participation in our interview. The PGBC comprises the Hong Kong Institute of Surveyors, the Hong Kong Institute of Landscape Architects, the Hong Kong Institute of Planners, the Hong Kong Institution of Engineers, and the Hong Kong Institute of Architects. Members of the PGBC interested in our interview responded to us to line up for individual interviews. The profile of interviewees is shown in Table 3 . Hence, all the interviewees were highly experienced in GB development and knew the BEAM Plus and SBDGs very well. They were at management level and had a good overview of the costs and benefits. Interviews with 30 experienced experts who have been actively involved in implementing GFA Concession Scheme in Hong Kong yield insightful, highly relevant and more convincing views than a massive survey of people without necessary expertise and hands-on experience. After doing interviews with 30 experts with backgrounds of government officer, developer, professional, and contractor, there were no new insights appearing. Therefore, the sample size of 30 experts was considered to be enough and they were informationally representative. The views from the full range of stakeholders' perspectives were triangulated. 
Computational Simulations
The SBDGs were linked to the GFA concession to improve the quality of the built environment, particularly air ventilation in a high-density city. Computational fluid dynamics (CFD) models were formulated to predict the airflow patterns and air pollutant concentrations. A hypothetical case was adopted that was a baseline model of the SBDGs. All the parameters on building configurations were set according to the requirements of the SBDGs. The meteorological and site characteristics of the constructed models were defined according to a typical street canyon in Hong Kong, which had a high population and road traffic density. The input parameter values of the street configurations, traffic data and meteorological data were based on Ng and Chau's [63] research, which would be further shown in the Section 5.3.1.
The CFD models were conducted by the software ANSYS. The predicted air pollutant concentration profiles were subsequently used to estimate the personal exposures of various population subgroups staying in the street owing to ambient air pollutants. In turn, the estimated personal exposures were used to estimate the number of different types of avoided health outcomes. The economic benefits of avoided health outcomes and losses in development floor areas and the dynamic investment payback period were evaluated by comparing the modified building configurations with the baseline ones.
Data Analysis and Results
Refined Framework of Costs and Benefits
By collecting more data on costs and benefits and taking stakeholders into considerations, interview results of this study refines the framework proposed by Qian, et al. [44] . The refined framework is shown in Figure 3 . 
Actual Costs
The certification cost comprises the registration fee and assessment cost, increasing with the project scale. The extra construction cost and consultancy fee change positively with the level of GB. Besides, according to interviewees, the extra construction cost depends on the original provision of the project. Specifically, if the original provision of the project has no green features, then the extra construction cost could reach 8-10%. However, 10% GFA concession can cover all the actual costs no matter which level of GB developers goes for. After offsetting the actual costs, the rest of benefits from GFA concession goes to land cost under the land bidding mechanism in Hong Kong. All these extra actual costs are borne by developers.
Actual Benefits
The extra energy savings and water savings change with level of GB positively. However, these benefits are owned by residents, not developers. In this sense, developers who the pay extra actual cost of GBs, but cannot obtain energy and water savings, definitely need compensation for GFA concession from government, especially when there is no price premium of GB in the property market in Hong Kong. Interviewees acknowledged that GB should have enhanced value but currently there is no price difference between GB and traditional buildings. Green features were not the main consideration of consumers.
Transaction Cost
The amount of TC is positively related to the level of GB and TCs that are borne by developers, professionals, and contractors. The GFA concession scheme linking GB to SBDGs was complained about a lot by the participants in that SBDGs themselves bring them many troubles. Take the unclassified buildings for example. To achieve the unclassified level of BEAM Plus does not cost participants too much time, but they have to spend a lot of extra time to deal with additional work, mainly on fulfilling SBDGs.
Hidden Benefits
Developers, professionals, and contractors can enjoy the benefits of reputation and competitiveness, but GFA concession was still the major reason that they go for GB. Health/productivity was related to BEAM Plus certification, and environmental benefits were determined by SBDGs.
Measuring Costs and Benefits by a Hypothetical Case
Actual costs and benefits were measured and presented in this section. As costs and benefits change largely with the scale of a project, this study adopted a hypothetical case to measure costs and benefits. The hypothetical case is the baseline model of the SBDGs (Figure 4) . The model was selected to extract relevant data on monetary costs and benefits in the interview. These data were used to analyze the effect of the changes in the incentive scheme on the costs and benefits of stakeholders.
The actual costs and benefits, and hidden costs of the hypothetical case are shown in Tables 4-7 . Table 6 . Actual benefits (Source: interview).
GB Levels Extra Energy Savings Extra Water Savings
Unclassified 0-6% 10% Bronze <10% 10% Silver 10% 12% Gold 13-15% 20% Platinum 15% 20% Table 7 . Transaction costs (Source: interview).
GB Levels Transaction Cost
The Note: Transaction costs were measured by how much extra time participants would have to spend compared with doing traditional building.
Measuring Key Hidden Benefits: Computational Fluid Dynamics (CFD) Simulation Models
To illustrate the one most significant benefit relating to health resulted from GBs, we estimated the benefits associated with the implementation of the SBDGs, and the baseline model case was used (Figure 4) . The configuration of the baseline building was taken from the configuration of a typical residential building in the SBDGs. The key building design parameters were set according to the requirements of SBDGs. The changes in outdoor environmental benefits due to the variation in key parameter values were considered as the benefits within the CBA framework. The economic benefits of avoided health outcomes and losses in development floor areas as well as the dynamic investment payback period were evaluated by comparing the modified building configurations with the baseline ones.
The baseline building configuration is a sample case shown in the SBDGs. Building separation was placed at the podium with a permeability value of 23%. Building setback recessed the lower part of the building located in a street with a width of 5.52 m to maintain the same permeability value with the separation case. Figure 5 shows the building configurations. 
Numerical Parameters
To estimate realistic health benefits of the proposed building configurations, the meteorological and site characteristics of the constructed models were defined according to a specific street canyon in the heart of Mongkok, which is an urban district in Hong Kong having a high population and road traffic density and could represent a typical built environment of Hong Kong. Table 8 shows a summary of the input parameter values together with the relevant street configuration parameters, and meteorological and traffic data. 
Simulation Results
Predicted CO concentrations at the pedestrian level are shown in Figure 6 . It can be seen that pollutant concentrations in the baseline model were the highest among all configurations. Modified configurations were effective in lowering the pollutant concentrations at the pedestrian level (z = 1.5 m) and building setback was more effective than building separation. A significant reduction in pollutants' concentrations was achieved when the wind was blowing from the perpendicular direction (90 • ). 
Estimating the Changes in Health Outcomes
The estimation of a change in mortality, morbidity, and restricted activity days outcomes due to a change in CO concentration levels are based on the widely accepted Ostro's model [67] :
where dH i is the change in health outcome i; b i is the concentration-response coefficient (or more correctly the slope of the concentration-response curve); POP i is the population who are suffering from the health outcome i; ∆C a,eqv is the change in ambient CO concentration; and i is the specific category of health outcome, such as mortality, morbidity, and restricted activity days. In this study, it was assumed that there were 3864 pedestrians to across a meter-wide outdoor pedestrian sidewalk each hour [68] and they spend 2 h in the streets every day [69] . The concentration-response coefficient values (bi) for different health outcomes are listed in Table 9 . Table 9 . Concentration-response coefficients (bi) for different health outcomes. Source: Chau, C. et al. [70] ; Chau, C. et al. [71] .
Health Outcomes
Disease Codes (ICD-10) C-R Coefficients (bi) 95% CI Note: bi refers to the increase in the incidence of the respective health outcomes (%) corresponding to a 10 mg/m 3 increase in CO.
Economic Costs and Benefits
The total economic benefit gains due to the avoided health outcomes after modifying the building configuration were estimated by
where V i and uV i are the total benefits and the unit benefits resulting from the reduced impact of a particular health outcome i, respectively; and dH i is the change in population who are suffering from the health outcome i. Table 10 shows the estimated monetary values of benefits for different health outcomes (uV i ). Figure 7 shows the estimated annualized monetary benefits for the proposed building configurations. Generally, building separations and setbacks were effective in removing the pollutants and reducing pedestrians' health risks. The amount of benefits gained varied with the building configurations. Building setbacks could provide monetary benefit gains that were twice as much as the building separations. However, building setbacks could induce more development floor area reduction than building separations. To identify the type of building configuration that could yield the highest health benefits, the ratio of total benefits (50 years, HK$) divided by floor area reduction (m 2 ) is shown in Figure 8 . Al the monetary costs and benefits were discounted at 5%. Generally, building separations and setbacks were effective in removing the pollutants and reducing pedestrians' health risks. The amount of benefits gained varied with the building configurations. Building setbacks could provide monetary benefit gains that were twice as much as building separations. However, building setbacks could induce more development floor area reduction than building separations. To identify the type of building configuration that could yield the highest health benefits, the ratio of total benefits (50 years, HK$) divided by floor area reduction (m 2 ) was used as shown in Figure 8 . Building setbacks could still provide better monetary benefit gains than building separations but the effectiveness is only about 1.5 times as much.
Discussion and Conclusions
Justification of the GFA Concession Scheme
The GFA concession scheme indeed improved GB market penetration, even if it caused a lot of transaction costs. Practitioners in industry complained a lot about the SBDGs in that it caused a lot of extra work. However, the urgent and necessary issue of Hong Kong is to improve air ventilation around buildings, where the SBDGs contribute very well. The CFD model demonstrated that building separations and setbacks were effective in removing pollutants and reducing the health risks of pedestrians. The rate of environmental benefit gained varied with building configurations. Building setbacks could provide monetary benefit gains that were twice as much as building separations. Therefore, SBDGs should stay and GFA concession are needed to facilitate the private sector to apply SBDGs.
Besides, research results show that GBs have no price premium in the property market. If the market is not willing to pay for green design or green features, developers will not have to provide these design/features. Therefore, government policy is needed to provide an incentive to kick-start the market and educate the consumers. When the market is mature enough, it is time to consider removing the incentive or making use of the incentive to push for higher performance requirements.
Discouraging Developers to Go for a Higher Level of GB
Implementing the GFA Concession Scheme indeed incurs extra costs and benefits, including TCs and hidden benefits. Actual costs could be covered by a 10% GFA concession no matter which level of GB developers would go for. All the actual costs and benefit of the 10% GFA concession are directly borne by developers. Since actual costs were positively related to GB levels, developers who go for the lowest level of GB could make maximum profits. The low threshold to acquire 10% GFA concession attracts developers to enter the GB market but discourages them to go for a higher level of GB.
Parameters to Estimate the Appropriate GFA Concession for Each Level of GB
This paper demonstrated using CBA and transaction cost theory to analyze all the costs and benefits of the economic incentives of GB. It is worth mentioning that transaction costs are large but are often ignored by policy-makers. This paper identified and measured actual costs, transaction costs, actual benefits, and hidden benefits of each level of GB. It used a hypothetical model to prove that actual costs, transaction costs, and actual benefits increased with the level of GB, but all the levels of GB enjoyed the same amount of GFA concession, which wasted social resources from promoting GB.
If the current GFA Concession Scheme was to be improved, these costs and benefits are the ground for adjusting the GFA concession to promote a higher level of GBs. They indicate how the costs and benefits would change with the GB ratings. The data of the costs and benefits are valid references for policy-makers to adjust the GFA concession and promote higher levels of GB.
Implications and Recommendations
The GFA Concession Scheme has been applied to many government programs in the world, such as affordable housing, GBs, and renewable energy of buildings, which is attractive to developers.
The framework of costs and benefits of this scheme has not only provided a whole picture to look at how the incentive works, but the findings from our study also helps policy-makers use the instrument more effectively and efficiently. Based on the results, we recommend that:
•
The GFA Concession Scheme is useful and can be extended to other sectors, like building conservation, low-carbon city, etc.
• After several years of implementing the scheme, the information searching cost and research/learning cost account for relatively little, which indicates that the industry is becoming more and more familiar with the GFA Concession Scheme. It is the right time to use the incentive to push for a higher threshold for requirements to enjoy the concession.
The new CBA approach provides policy-makers with significant and valid data to estimate the appropriate GFA concession to promote higher levels of GB.
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